The new antiproton collector machine (ACOL) 
machine experiment results.
High intensity bunches in the CPS
The ACOL project demands more than 2.1012 protons per bunch on the target, at 26 GeV. Since this figure is the present record intensity of the CPS injector (PSB), one must merge bunches during the cycle.
Various techniques have been invented for that purpose, and the '26 GeV longitudinal merging' [2] is actually applied in routine operation. Unfortunately, the resulting "bunches" are badly adapted to any turther bunch compression process, especially at the highest intensity, because their emittance is large and their distortion important. Therefore two new techniques, which may eventually be combined, are under investigation.
The first does the bunch merging near injection energy. One inserts the bunches of one PSB ring between the bunches of another, using a high frequency dipole magnet in the transfer line [4] It is an application of a scheme conceived by I. Bozsik et al. [5] , and is related to some beam manipulations performed at Fermilab [6] . They also show that the result is almost independent of space charge repulsion.
Merging will be done on the 3.5 GeV flat top, below transition. The 
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Actually, bunches of 1.5 x 1012 protons, and 0.6 eVs, are accelerated across transition energy in the CPS, without either losses or blow-up, thanks to the gamma-transition jump scheme [7] . Using the somewhat pessimistic scaling law that Nb/rI (Nb = number of particles per bunch) has to be kept constant [7, 8] To avoid dead times, due to the finite tuning rate of ferrite cavities, one has to split them in 3 groups (A,B,C), each with independant voltage, phase and frequency programs. Peculiar phase plane trajectories are represented in Figure 3 , as a function of time.
The origin corresponds to the center of the central bunch, which does not move during the process.
The stable region around it has the largest acceptance, and the lowest one is obtained in the farthest region from the origin.
The separatrix of that last one, at each moment, is drawn in Figure 3 (for static RF parameters).
This maximum bunch emittance presents local minima during the process (Figure 4) Hardware modifications proved necessary, and hints for the design of the complete low level system revealed. Moreover, proof of the principle has been established, and preparation is now going on for further experiments. 1) the low level RF system and its associated controls.
2) the improvement of the cavity amplifier chains (local RF teedback). Low Time increasing from the bottom to the top of the photograph, one clearly sees the beam structure going from 10 bunches to 5 (bottom half of the photograph), and the 5 bunches being squeezed in less and less space. The experiment was stopped at h = 14, because of hardware problems.
For the 'bunches pair merging', at least 20 ms were necessary to reduce the voltage on h = 20 from 40 kV to 0 kV, while 50 ms were mandatory for increasing up to 40 kV the voltage on h = 10 (-20 synchrotron periods). For the 'batch compression', 20 ms (or almost 8 synchrotron periods) were sufficient for each step in harmonic number (10 to 12, and 12 to 14), but no lower value was tested.
Resulting blow up factors were 1.76 for the merging, and 1.21 for the limited batch compression, but these numbers can probably be reduced, because some
Conclusions
The set of techniques described has the great advantage to provide merged bunches, on the original harmonic number, with a very small degradation of the longitudinal phase space density of particles.
It is matched to the needs of the ACOL p production beam, but the AA could readily benefit of it, as soon as it is available (because of expected process reliability, and of the small Ap/p of the ejected beam). Moreover, sophistication is still possible and, for instance, 20 PSB bunches could theoretically be merged into 5, by applying two successive sets of 'bunches pair merging/ batch compression". But verdict of full scale experiments has to be obtained, especially concerning the problems related to high beam intensities.
